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CELL FOR ALUMINIUM cryolite has to be maintained on the cell side walls to proieci 

ELECTRO WINNING them. In addition, when cells are rebuilt, there are problems 

of disposal of the carbon cathodes which contain toxic 

CROSS REFERENCE TO RELATED compounds including cyanides. 

APPLICATIONS 5 Another major drawback, however, is due to the fact that 

niis is a continuation of application Sen No. 08/961.924, i-regular ^J;^" ^^^^^^ 

filed Oct. 31. 1997. now U.S. Pat. No. 5.888.360. which is aluminium pool and the an<Mte<athode distance (ACD).al«) 

a tSond of appUcation Ser. No. 08/571.629. filed Dec. called intere lectro^ gap dEG). must be ^p. a ta ^fc 

13 1995 (now U S. Pat. No. 5.683,559). which is a file minimum value of approximately 50 mm to avoid short 

wrapper continuation of application Ser. No. 08/302.178, '« ''''^''P ^'^t 'fl!'^''TJl^^^ 

filed&p. 8, 1994 (now abandoned). reoxidation of the metal by contact with the CO, gas formed 

at the anode surface. 

HELD OF THE INVENTION the high elfecbical resistivity of the electrolyte, which is 

^ . . , . «H about 0.4 ohiii; cm., causes a vciltage drofi which alone 

present .nvenUonconceiTis a new and, mpr^^^^^ „ 4^^.40^ of .he ^t^^^^ 

for the electrowinmng of alummium by the elecHolys.s of P enefgy efficiency which' reached only 25% in the 

alumina dissolved in a hal.de-based molten electrolyte such ;^'o3,^^aemSs. T«e hii, cOstof enei^y t^^^^ 

as cryolite. effibiencyVhas beconfie an even bigger item in the total 

BACKGROUND OF THE INVENTION miuiufactOrihg cos^ since the oil crisis, and has 

-0 decreased the rate of growth of this impor^t metal, 

-nie technology for the production of aluminium by the second largest electtochemical industry following 

electrolysis of alumina, dissolved in molten cryoLte con- j^iurtiinium; naififelf the catistic^^^ the 

taining salts, at temperatures around 950 C, is more than ^^^^^^ of thVdimehsibnally stable anodes' (DSA®)'bas^ 

one hundred years old. on nbble metd'^cti^ 

This process^ conceived almost simultaneously by Hall 25 oped around I970» permined arevdlutiort^ pVogres 

and Heroult, has not evolyed as much ais other ielectrochehii- chlorine cellnediifelo^ resuWng in a substantial^ncre 

cal processes, desjf^ite tH^ |jfemehdbus gi^ the total ^.^n energy effiieiertby, in'Cell;life>'andi<in chterine-ciustic 

prodtiction of aJimiiriiiiifb that in fifty yfear^ has increased purity. The -substitution of ;^iiphite x<anodiM withn^DS A® 

almost one huiidi^ fold? jp^btess arid cejl desigii ineteased di^ticaHy ^Itfe t)f ijmodes /-afid-^reduced 
have flot iindergbiie ah^ gi^a^chihge o^^^^^ 30 substantially the cost of operating the cells; Rapid giowdi of 

carbonaceous materids dife siUI the chlorine caBsUc^indusiryvwas retaid^ 

lihlrtgS. , ■ ., . , v> concerns.':... .,-^;.;V:v:v^^^, v> -^^^-.--^ .^-y 

The electrolytic cell trptj|gh is 0T>ic4'y jp^C :^f ^ ^}^^ In the taseMiakmilniun*^^^ 

shell provided with ah instJdting^^^ refractory mat^L- to the ^umihiuin ^gtroduced^^ but to the r^leriifc^and < the 

rial toVjcred by anihr c^ifori blc>cl<^ a^^^ manufacturing processes vused andr tovrthe^^v^ design^ atfid: 

the wai^ aid at tfe operation.^ :r'-:r)^.:'-:--r -k^r^ i--.. i^:; . : ; 

and to whick^ }^ However, pt^gt«sfs*as tteen- rep6iptedah 

conhkteA^y mearts of sted conductor ba^s brinibe'dded in tiie modeni aUimihtuitt fflante whi utiiiie tells where ftfte^ases 

carbon blocks. . emanating from the cells are in large ^part^ collected' and 

The anodes are still made of carbonaceous material and adequately scrubbed «md >yhere' the ' 'entissionr Of highly 

must be replaced every few weeks, the operating tempera- polluting gases^uringthe manufacture of- the carbon anodes 

ture is still approximately 950** C. in order ip have a and cathodes is icarefuUy controlled. . 

suflBciently high rate of dissolution of alumina which While progi^s^has' been repo,rted!; in the fabri 

decreaseis at lower ieniperatures jmd to have a hijghef con- carbon caihode:s by the application of coatings <br to^ 

duciivily of the electrolyt^e. . . using new .aluininium wettable materials which are also a 

The carbonaceous materials used in Hall-Heroult cells as barrier to sodgigt^ penetrotwn 4^ no 

cell lining deteriorate under the existing adverse operating progress: haSf^fJeeiT^TevecF^^ for alur 

conditions and limit the cell life. minium prodyction cells with a view to rediicing. the 

Ihe anodes have, a very short life because during elec- electrode vgap Md *e rate of wear of its s 

trolysis the oxygen .which should evolve on the anodi^ U;S/Pat: No.^4;560*488 to^Sane et al discloses a recent 

surface combines with the cart>o.n to. form CO^ and small development in molten salt electrolysis cells concerning 

amounts of CO. The actual consumption of the anode is making materials ^weiuible by mol^^ 

approximately 450 kg/ton of aluminium produced which is the carbon or^raphite anodes and cathodes are of conyen- 

mpre than higher than the theoretical amount, 55 lional design; with: no suggestion, leading to die present 

The carbon lining of the cathode bottom has a useful life invention, . 

of a few years after which the operation of the entire cell U.S. Pat. No. 4,681, 67 iMo/Dunu illustrates. ..another 

must be stopped and the cell relined at great cost. Despite an improvement in molten salt electrolysis wherein operation at 

aluminium pool having a thickness of 15 to 20 cm main- lower than usual temperatures is cairied out utilizing per- 

tained over die cathode, the deterioration of the cathode 60 maneni anodes, e.g. metal, alloy, ceramic or a metal-ceramic 

carbon blocks cannot be avoided because of penetration of composite as .disclosed Jn European- Patent; Applic.^n *No. 

sodium into the carbon which by chemical reaction and 0030834 and U.S. Pat. No, 4.3?7,72?. Ag^n, ^while 

intercalation causes .swellingv deformation and disintegra- improved operation is achievedv.at low«r temperaniresrthere 

tion of the cathode carbon blocks, as well as penetration of is no suggestion of the subject imat^r of the present inven-, 

cryolite and, liquid aluminium. 65 lion. ;. . 

The caiton blocks^ of the cell- side wall do not resist PCT Application \yO 89/06289 to:La Camera- ct al deals 

oxidation and attack by ciyohte and a layer of solidified with an improved, molten electrolysisrwherem attention is 
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directed to an electrode having increased surface area. that the pool is segmented into sections by the channels, the 

However, again, there is no disclosiue leading one to the magnetohydrodynamic forces are decreased significantly 

present invention. an<i movement of aluminium in the pool is significantly 

The following references disclose several other anempts ^^^"c^^- J^^ ^^P* f aluminium pool can thus be 

to improve cell operation ^ reduced because of the resulting reduction \n turbulence. 

^ pe . Moreover, reduction of the turbulence in the aluminium pool 

European Patent Application No. 0308015 to de Nora important because this is the origin for the formation of 

discloses a novel current collector; aluminium panicles in the electrolyte, which particles are 

European Patent AppHcation No. 0308013 to de Nora oxidized by CO^ with the formation of alumina, 

deals with a novel composite cell bottom; and in either case, for the drained configuration or when there 

European PaieiH^^pplicatipn No, 01.32031 to' E>e wing is a pool of aluminium, the inter-electrode distance is 

provides a novel cell lining. reduced with a concomitant redUeiiori orcell voltage and an 

U.S. Pat. No. 5.203,971 discloses anWiniiyurn,^lecirow- increase in enerp^ efiSciency.^ , : 

inning eel) having a partly refractory . anipartly carbon ^ A" advantage obtamed with the channeled cell bottom is 

based cell.limng.: The carbon-based pan' of , the .cell bottom ,s ifs hfe as extended m compmson wiUi other, elec^olync 

mnv i^rPQo^H in r^^Qivrt tn the n»frnrtorv' Wnrt aluminium:.productipn cells;. Moreover; .the channeled cath- 

may. be recessed m^respect to the refractory .p^, ode=improves-th^umfonmty-of;tbe,cuiTent distribuiion.ond 

.While theToregoing references mdicate.^pntinugd.effoiis increases the cutrcnt efficiency: Advantageously. ihey« may 

10 improve, .the .operation of molten cell electrolysis be at least one cross.channel-or-^ve which intersect; with 

operations, none detM with or suggest the.present myentio^ the c^lS^^^els or grooves) an^^ the 

SUMMARY OF THE INVENTION alunuhiurpr-^""'^^ --^^ 

At lea?t some of the channels or grooves can be formed 

This mvemioii auns to overcome proble^iis.inherent jn the ^y bevels or cut-outs along ,the edges of the carbon bl0<?ks. 

conyentipnakde.sign,.Qf ^?lls used III Uift ie.^^^^ of particular, a chanhel c:^ be defined between.two beveled 

alMinini^im .via electrolysis of ^umina dis^plyeidlvin molten g^jg^^ adjacent blocks 

haB(tes in.pamculm^ ciyoU^^ : , ■ 25 ^^^^ embodii^^ms. the . width of the phanneU or 

The-prescnt invenuoniipenrnts mote.effidient;ceIl.o grooves js at Jeasi as:^at.a§:fl)eir depilj. the channels or 

tion/by modifymgiihe design-of the catiiodmbloql^con the grdpves haye a reptivigu^^a^Re?M)icW curved or 

celibottoro. Such.a»K)dified:design^may^th^ an asymmeiH^ cipss.seqti^:d^sigi»ed:tb ^ ^v^u- 

anyvconventtona^cell and cvencim .to^^^^ceU^configura^ ^iion;jui3^cc#:ii?^ 

tions. ■ ■■: ■■■■■■ n ; a drained c^^^^^^^ 

The^inventioii >c6n6e^s an-electrblytic^^^^^^^ to alurninium movenieht to reduce or elixninate tiubuii^iit 

trowinning of aluminium from alumina dissolved -in- a aluminium pool imc^vement in a pool, configuration. 

halide^ontaimng molten elcs?trDJyte;^having^a cell When the surfa^pfite cathode cell bottdm is 

bottom^made of a series of carbon cathode Islocks connected slopirig, crb^cliwu^s ot 

side-by^tde for exaniple with.ramining.pastp as in convex • cathode Iwtt^^ of 'tfif alu- 

lional cells or; preferably, by glue, each cathode bloele being n^injum jn a drmh^d'confi^ratioh^ example, |e carbon 

prpvide^wthcStee^orotherconducMve^bas^ tte delivery citHode ce|i'l^^ sl^ing^jirts 

of cOT»nti:;aiKl therp; heing a series^ ofv anodes^laeing the there being at the iri&iseefion of the tvi^ sfoping^^^^ 

caAodei ceikhottoin. . . ^ - , : 4q collecting channel or an aluininium reservoir for 

Accordingto the inventioHv the lops of' the carbon of the #iiiriiM MrtuiiiM^^^ ' • ' 

foFHMngJthe eadi^^ Pref^i4biy, thd suifa^ bf, the carbon blocks .ttiaking tip 

off pag^iaT Kamiels or^&vegj^coveredi^in use by a^pool or the cathode cdl ti6ttoin are treated to reduce sodium 

layer ot? mo*ien alunuhium, 'So>as ;tG greatly.de^rease move- yp^hetratioh/fdr example ds described in PCT/IB94/00033 or 

ment of the akmiinittm.pool a^^^^^ PCTinyS93/il38d: or are coatgd with a layer \yhich 

operationtand extend ceU Jife:: * / reduces so<yum peiietration. fOT^xShple a itfractorfHStl 

The surfaces (rf" the carbon blocks Hiaking up ^A^^ / metail boride applied trom a slimy containing colloid as 

cell: bottom aire most preferably coated wtth^' layer o f I disclosed iii P(?fyu$93/05 142. 

alutt|tnium? wettable fefractbry > mate^ T^vatttageously a \ in general, the carbon cathode blbcks are made i^sistant 
particulate refractory hard meml boride applied frdm a slurry ^ to chemical attack and to mechanical attack. The surfaces of 

containing colloidi for example as disclosed in PCTA;S93/ the carbon blocks rhaking up the ckthode cell bdnom can 

05142: . ' also be cojrted wit h a la ye ijwhich..prior,,to .,,use,,orJnutse 

The siiif aces of the carbbn^blocks jnakihg up the ^cathode becdme ^h^der tih ^j he xarbon cath ode bk)ck and thereby 

ccfll bbttonjjBi^t-b^^veredJ^^ protects the suiface againii abrasive wear by limited move- 
fornoihg s^li^i^ed-ca^ode st^(^, the ch^ 55 nient of the molten aluminium. Moreover, the hardened 

forming a c^iS^ef^ing-fo'fuide the flow of alumirlium. In cathode surface reinains dimensionally stable whereas a 

this drained coftftgunliton; the channels or grooves are partly facing carbon anode may erode and conform to the shape of 

filled' withi^molten' aluminium so that ithe electrolysis takes the cathode. This surface-hardening effect can be achieved 

place between the aluminiiun-wetted cathode and the facing with the aforementioned refractory boride or other alu- 
anode', suiface. 60 minium wettable reflectory layers which provide an essen- 

Alterriaiively, the surf aces of the carbon blocks making up tially dimensionally stable surface, 

the caithode^cell bottorii are covered by a pool of molten In this way, the cathode cell bottom can remain dimen- 

alurninitun^, the' channels or grooves serving to restrain sionally stable during electrolysis and/becatise of this, it is 

mbtibn of the aluminiiihi makiiig up this pool: Ih' this case, both possible" and advantageous to provide channels in the 
the aluminium pool covers completely the carbon blocks iso 65 tops of the carbon cathode blocks because these channeled 

d)at <th^ electrolysis takes place betweelh the sutface of die blocks will remain dimensionally stable during cell opera- 

alununium pool and the facing anode surface: Due to the fact tion: 



The ceil incoq)oraiing the channeled cell bottom can 
employ conventional carbon anodes which wear in the 
normal way for the pool configuration but whose sha|>e 
adapts to the channeled cathode, in the drained configura- 
tion. Specially-shaped carbon anodes designed to cooperate 
with the channeled cathode design, and in particular to 
facilitate gas release at the anode while assisting drainage of 
molten aluminium at the cathode can also be used. Dimen- 
sionally stable anodes can also be employed. 
One method of fabricating an electrolytic cell according 


the invention, three such blocks being shown. The blocks-10 
are generally rectangular and made of carbon in. the form of 
anthracite or graphite of the. normal 'grade used for alu- 
minium production cathodes. In their lower face, the blocks 
10 have a recess receiving a steel conductor bar 11. which is 
connected- in the blocks by cast iron 12. These steel* con- 
ductor bars 11 extend externally to a negative bus bar of the 
cell. 

The side edges 20 of -the blocks 10 are beveled and, in the 


to the invention comprises providing channels in the carbon " Illil^^i^,*!.^^^ 
cathode blocks before or after assembling the blocks to form ^ 
the channeled cdthode cell bottom. The channels are pref- 
erably machined in the cai-boh cathode blocks, for example 
using a milling cutter For some shapes,' especially with 
bevels, it may however be convenient to provide the chan- 
nels by extrusion. If the blocks include bevels, or cutroiits 
along their edges, when the adjacent blocks are brought 
together, the bevels or cut-outs between the assembled 
adjacent blocks form channels. 

Mathinihg operations siich as ihillihg/cutting iti partibil^ 
are simple to execute to provide a series of parallel chahnel^v 
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^Spoves^of any desired shape in th^ carboofblbcks^ 

When the blocks are assienibled side-by-side, gaps can be 
left tetween the adjacent blocks; wWch gaps dire^^^ with 
ah anthracite-based of other usUiil rhrhifiii^ paste. 
Pftferabiy, however thfe"blbCk5^ lisihg a 

giiie, jte is known f6r 'bonding together cait^h cattibdb' 
blbcki Witfj iio'or iJiily'a sm£r gap, stich as a i^sin-" 
based glue, or an ihorgahic glue as disclosed iri PtT/IfiW 
00034; Either way; the assembled=blocks f6hn a cbrttihiib^ 
carbon cell bottom ih the saihe manner as in iedtiv^htioriai 
ceilisv jq)art frotii tfie^^f boitoiii ^ 
is di^heled. ■ 

BefoVe 0f itfi^f assc^ thef ciirbon "blbcfc^^^m^^^^ 
tr^ltmdf'to tlit^^^ bheihical and bech*nW 

attaclC'&ifS^ s^ait iip Of the cell for t)r6diicirig aluminiimi. 
the biiiim^Wd'dell b^ is p^efei^bly treiated td^hafdeh the 
suifd& of thfe cathbde blocks iuid render the surface Wetfaible 
by molten aluminium, whfiiineby in use the cafbon cathode 40 
blocks remain dinienisiorially stable and are wetted by m6r- 
ten aluminium. 

DESCRIPTION OF DRAWINGS 
Refet^ence. is now- made to the drawings wherein: 
HIG. l.sctmmatically'shows pan of a cell bottotn formed 
of tfaree>(cai^ode^biockS' provided' with parallels <;!hahhels in •■ 
accoiiiance^ with the invention; 
FIG; 2 sChematically'shows three dififereht cathodeblocks 


grooves 21 arctnachined. When two blocte 10- are (brought 
together, the adjacentbeveled edges 20 form also ia-Xf-shaped; 
groove or> channel similar in shape andi size, andrparaliel to,- 
the grooves 21. \- ■ 

The adjacent blcwks; 10 are joined sidewaysr^by Tammihg 
paste 14, for iexathple ah anthracite-based.^aste f6rm a . 
continuous cotton cell -bottom. 'Usui&fly; each* 'block .10 
extends over the^ entire widdj. of the cell. If this ismot so. 
adjacent blocks. 10 in die longitudinal direetionvd^e.- along 
die direction of die conductorbars 11, maysdso be joined by 
rammi ng' paste:^Ihstead; of usirtg rom^ paste,', the ^blodcs 
can advantageously ibe bonded- by a resih^based ^gltie; in 
wh i ch case' the i gap between the adj aceht . blocks would-be ' 
much smaileiv/- ■■ .r^ ' -.••v r-;.v.= . . 

An anode'15^iSi^iagramatieaHy;indicteited^^^^^ 
In use, ithe (ceH ^ttpitivformed' by dl^l^locks^TlO'.witlr^thd> 
A^|haped^6o.v^s or:channeki^20i21''<h covered4>y'a^^i^U0w^ 
pooT of -inolten) ^alut!^ or » just the ; 

grooves onGhan^ieb',;,20i widi^ ntolt6^> 

aluminium, as^wili be 4esc^bed'incdieftiulriaier::v;>^^ ' r. j'/oi- . 

FIG; 2 sho^^^#ii^'Simitoidiaii]m 
with grck^ye^ o^^^^^kiiiiel^^of 
can be a^seii(iblel| 'imo^mvceli bo^ 
paste. A first block has a parallel senes of geflli^^)^ 
gular grooves ^32 twhich :aFe:^sii^tly.' .Hviddfv^^afttrdiefe^. 
Usual lyv^the-^^widdi^^f the 'grooves 22 .i$;<itilfeast as gi«at as . . 
the i r depdi ^ fl%e. ^second blocks has 4^ 
grooves 23,andiihe:;d!irdfblocfc;ha$,^shapedgi^ 
rounded cross^seetionivthesevShapes ^being given by way of 
example' aAiong^mfmy tpossible shapes. >~ , - 

All of the described be velS'^20 and 'grc>oves 21;^^ 
can easily bd- m^ichiiied-in'l^^^ 

a milling cutter^^/Alteiliiativeiyt 1^ is^possibte' to provide 
grooves or bevels, or other^ forths bf -chanTiel: by -other 
methodsiaforjexample by exoiisiom f i r ^ 

FIG. 3tsich^midciJly;i5hows an aiutnii^ pi^tctt^^noell ' 
incorpofatihg^ia^ c^df^^on:' cell^ bottom ftJrttied' of ^channeled 
carbon blockis -40; Similar to 'Aose ' described above; The 


4.S 


of cell bottoms- in accordance widi the inventionJ provided- 50 diagramatieidiy-Shown ceU'Stnicw 'a sieel'shell 

with pardiel channels of different shapes: 30 of known^type cohtaifting refhictory^mateiid^^^^^^^ 

RG:^ is a sehemMc'sectioniy^^v^^ bottom and extendingaIp•ilssides^Thefe^ock.<^^M^^ 

celfr accOfding tb-the ' iiiViiritioh, incorporating '<rhahhelfed together^by rimifriing^pasie 14^(or alterftativ^ 

caLdi6dfe"bl<)cks andi^cdrboh-^i^ ; — f supported^ionHdiisrvr^MGiory mmerial 3^^^^ 

FIG; '4 is a sct^miiiit; sectional view' through part of 5.s blocks lO'connectfed by i^ming.pasttf J34noaii ir^rs^32 of 


another electrolytic cell according to the invention, also 
incorporating channeled cathode blocks' and carbon' anodes: 

RG. 5 is a similar view of another electrolytic cell 
according to the invention, incorporating channeled cathode 
blocks and dimensionsQly stable anodes: and 

FIG. 6 is a view sithilar'to FIG. 3 of another electrolytic 
ceir^^cOrdihg tb die invention. 

DETAILED DESGRIPTIGN OF THE 
INVENTION 

FIG. 1 schematically; shows part of a cell bottom. formed 
of an^assembly of channeled- cathode blocks 10 according to 
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carbon or a refractoiy carbide, such as silicon ■ caibide./As 
previously, the bottoms of blocks 10 4iave recesses!receiving, 
steel conductor bars 11 connected in the blocks- 1^.^ cast iron 
12. which conductor bars 11 extend externally to a negative 
bus bar of the cell. , , . j 

The topisurfaces of the blocks ha vc>a scries of^paraltel 
channels irif the^form .of a wavy prbfiie 25*^ though this could 
be any one of the- odiet shapes 'shown *in^FIGS;*l and. 2, or 
other channeled^shapes. This channeled profile 2S forms' the 
top surface of the carbon eel I' bottom which; is .advanta- 
geously covered with a . coating 35" of - aluminium-wettable 
refractory material on which, as shown, there is a pool 40'of 
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molten aluminium below a halide^based molten electrolyte Before or after application of thevcoating 35 and before 

4i such as molten cryolite containing dissolved alumina. use. the channeled cathode can •be^pairited, sprayed, dipped 

Several aiodes IS. conventionally blocks of prebaked or infiltrated with reagents aind 'prCcmisors; gels and/or 

carbon, are suspended in the cell by the usual mechanisms colloids. For instance, before applying the slurry of particu- 

(not Shown) enabling^ their height to be adjusted. Oxygen ^ late refractory boride in the colloidal carrier the channeled 

evolving non-carbon anodes may be suspended in the cell cathode can be impregnated with e.g. a compound of lithium 

instead of the carbon anodes 15 but do not need to be to improve the resistance to penetration by sodium, as 

vertically adjustable because they are non-consumable. The described in PCT/1B94/00033 the contents of which are 

anodes . IS- dip in the*molten electrolyte 41 facing the incorporated herein by way of reference, 

channeled cathode surface 25 <the anode-cathode gap is not 10 To assist rapid wetting of . the channeled cathode by 

shown to scale). In operation; the cryoliie^based electrolyte molten aluminium, the refractory xoaiing 35 on the chan- 

41- IS usu'aUy at a .temperature- of about 950* G.; but the neled cathode, may be exposed to molten aluminium in the 

mveht!bn'.apphes *als6;^to components used in- ceUs with presence of a flux assisting penetration, of aluminium into 

electrolytes well below 900*> C, and as low a.s 700* C. the refractory, material; 'the; exji|pple comprising a 

The surface of the channeled profile -25 of the carbon fluoride, a chlbride or a borate, of at least one of lithium and 

cathode blocks 10 can be made dimensionally stable by sodium, or mixtiires thereof. Such treatment favors alumi- 

appiying a coating 35 of an aluminium -wettable refractory nization of the refractory coating by die penetration Uierein 

hard metal (RHM) having little or no solubility in alu- of aluminium. 

miniem and^^having> good^^resistance to attack by molten in operation of the cell illustrated. in FIG. X as shown, the 
ciyolfte, -Note that the eoating:35 also covers the ramming coating35 on die channeled profile 25. of die cai^wn blocks 

pasie;14 and M- UseW^^^^^ borides^of . titanium, lo makingt up,the!. cathode cetf bottom is covered by a j^l 

ztitoitidmv.'tafltahM«;v (Arpmito^^ Gobalt;<Mon,^.nio- oiF molten alumimum 40. T^^ 

biuhtf^aftd/orvvan6<fiufnc^|UseM^ cathode inaterials = are tar- to restrain motion. otihe alumii^Mm/maiung 4P;th 

bonaceous materials such as anthracite or graphite. ^-^ maitiiy in the trati^ye^^ Tlie aiuminium 

It is'preferred that^^Vchanneled profile 25 of the catiiode pool 40 covers conipleiely the carbon biopks 10 so that die 

of the present invefttiort haive a :coating;35 of particulate elecu-oJysis takes pla^^ between the alu- 

refraKrt€tfy hard :melaJ borid6^in a applied -from^ a mitiiiim PP9lv4() and ■ t^ie^facing ,s^^ 15. An 

slmty^^of the ptixtic^MmtQfrd^oryrhdx&'t^^ adyaiitage is that thei^el^th of 

c<ril6idicat»iet. w1ii5!e9i*ti«(Coiioid c reduced becaiise of ^ 

coUoidal alumkia.^s«icaii^>^^ AUeniativeiyr^llip^^hannftle^^^^^ 

niagii^%i4i*^**; W^ iceria^n blpel^ 10 making tip iy[jft f^k^^ 

acetfttfc'Tlie colloi4ali^a»*ip^ been fouiid^o cojisiderably refractory :alumimutn^weitj^^^^^^^ 3^5; may -bevcovercd 

in^ve^'^e p^perdes; of, ^e coating produeedyiby non- by a thin layer of molten aluminium forming , a dinned 

reactive sinteriiig. / - catiiode suiface, iUie channels ser^^ 

PGT/US93/05J42 (tiie^'contents whereof aie ineofporated v aluminium. In this, dtdiied c^ ijt^ chsMiitels are. 

hereih by way^of rfefereii&X-provides^a method^ofr^pt^rng partly, ^filled \yith molten alumijriii^ 

reflectory ihardjiteetal^boiri to a carbon containingiisomp^^^^ *f lakes,plnc^.tbetween; i^^^^^ a^luim^vm-w^^ 

nent**bf a-'Cell fp^^^lle^|«Podu v: 25. and the^ facing .siiifacfj prampije, 1^ ^^J^h -Vfjl^^^ 

by-the eiectiotysis ol-aifimina^dissolVed in a cryolitevbased we^^^ such x way. ;as to confcnTni to tht.sv^^ 

molten electrolyte, this^tne^iod doiiiprising?applyirtg;ito^^ with^uch a^ draiiied c^^ 

suifa<?^ of ^the componj^flt,(a:S^^a^ connection with FIG. 6. 

refractoiy 'boride- Jn a vcoHfwdal carrier as specified vabove, , FIG. 4, where, the same reference numerals are used to 

followed by,dryingvandrby/heat' treatment beforepr^ter the . designate the sam^ elertiehtirshosi^s^ p^^ alu- 
component is.ifi5taUed>in>die aluminium production cell. ^^^^ minium productiofr-ceir-whose'<cell /bottom* is miide up of a 

The method of appiication of ^e slurry to. the channeled series of channeled carbon blocks 10 tjoined by ramming 

cathodes of . the jpresent^invention .involves painting (by paste 14 Heie;*ithe'chtinnels'>^^^ 

brush oFn^Uer). dipping, spraymg, or pouring die slurry onto blocks 10 having inclined su^faeeS''2d*d^ ^^ airfangcd^alter- 

ihe;'channeJed cathode^and>altowing. to dry* beforeiainGtheri nately facing' pneianother so.as to fonii>V^$hapedrichiE^^ 
layjW!4s added.;11ieiiifO^J^35 does :not need tO vbe.eniirely ^^50 .28 between adjaeeiti blocksv'^ 

dty ibeforelhe^appliaatiomofthe next layer. It is preferred to ; stream or canal 40' of-moIten;aluisyniiim ih<ihcir bottom p^^^ 

heatvthe^coating 35 wkii'4i^Uitable source so as to completely Above the .V-shapediehannel 28>andaluminitiin canal ?40' are 

dry.jt andiimproye;densification'of the coating; Heating and carbon anodes^lS with^correspoiiding.V-shaped active faces 

drying take placeipreferably insnon-oxidizing^tmospheres at 16 temiinating with a lower flatteijed^ port 47 opposite the 
about^8G^200** C, usiiaHy for half an hour, to several' hours. 55 . aluminium canal 40'. This flattened part 17 can be formed in 

The;dJaftnftledprofile 25 ofthe cathode may be treated by "se. 

sand^blasting or piekled^'Wiih acids or fluxes such. as . Cryolite The coll of .FIG. :4 operates as a drained cathode cell, 

or other combinations df fluorides and chlorides prior* to the wherein the aluminium produced x)n the inclined cathode 

application^of the coatiiigJiSimilarly the channeled cathode surfaces 26 and 27 coaled with the a lunainium-wett^le 

surface may be cleaned with an organic solvent such as 60 refj:actouy-cGanng35J3ows down into the'channel 2» where 

acetone toremove oily products and other debris prior to the it is collected in die aJumifiium canal 40'] fhe channels 28 

application'oftbecoatingl.^ese treatments wilt enhance the are inclined in the longitudinal direction of the cell in order 

bondiiigvof the costoigs»tO:the channeled carbons cathode: to permanently drain the product aluminium, at a rate to 

Afteptco&MgAthc^dtoeled^cathode by dipping, 'painting keep the level of aluininiuni Canal 40' siible. 

or spraying thes^slujfUy Of :confibihations of such techniiques in 65 In this drained configuration* the channels 28 rate dius 

sin)^;<>r multilayer coatings and<drying,^a final coat of die : partly filled widi mdieri'^aluntirtium' soilthat^thefelec^ 

co]icM alone-may bef ^jplietl lightly prior to use. takes place betweeft'^Uie alumituUfifiiwett^d cbtii6de si^ 


